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(57) Error detection section 1 09 carries out error de- 
tection using demodulated data and outputs an error 
rate to SIR versus error rate estimation section 110. SIR 
versus error rate estimation section 110 estimates an 
SIR versus error rate and outputs the result of decision 
as to whether the correction of the target SIR value is 
necessary or not to target SIR correction section 111. 
Target SIR correction section 1 1 1 corrects the target SIR 
value based on the decision result. The information on 
the demodulation capability of a BTS is output to G pa- 



rameter control section 112 and G parameter control 
section 112 determines an optimal gain factor. A G pa- 
rameter indicating the determined gain factor is output 
to multiplexing section 1 07 of the BTS. The G parameter 
is output to SI R versus error rate estimation section 110. 
This makes it possible to perform communications with 
an optima! gain factor and target SIR during diversity 
handover between base stations with and without an in- 
terference canceller or between base stations with in- 
terference cancellers of different capabilities. 
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Description 

Technical Field 

[0001] The present invention relates to a digital radio 
communication system, and more particularly, to a radio 
infrastructure apparatus in a CDMA (Code Division Mul- 
tiple Access) system. 

Background Art 

[0002] In a digital radio communication system, an in- 
terference canceller technology, which estimates a de- 
sired signal and interference signal based on maximum 
likelihood estimation, is used. There are interference 
canceller systems in a CDMA system such as a single 
user (SUD: Single User Detection) type and multi-user 
(MUD: Multi User Detection) type. 
[0003] As the MUD, there are a multi-stage type inter- 
ference canceller that improves a reception character- 
istic by repeating a plurality of times (multi-stage) 
processing on the receiving side of generating interfer- 
ence replica signals of other users based on channel 
estimated values and decision data, subtracting these 
replica signals from a received signal and thereby im- 
proving an SIR (Signal to Interference Ratio), and a sin- 
gle-stage type interference canceller that improves a re- 
ception characteristic by applying ranking processing to 
likelihood of all symbols of all channels, generating rep- 
lica signals for symbols in descending order of likelihood 
and subtracting the replica signals from a received sig- 
nal on the receiving side and thereby improving an SIR. 
[0004] A W-CDMA (Wideband-Code Division Multiple 
Access) of a digital radio communication system is a 
system suitable for implementing a multimedia commu- 
nication handling various transmission rates. Technolo- 
gies concerning an application of an interference can- 
celler to this W-CDMA currently being developed and 
published by research organizations are technologies 
mainly applied to an uplink DPCH (Dedicated Physical 
CHannel). 

[0005] That is, in an application of an interference 
canceller to W-CDMA, this technology creates replica 
signals from a received signal of DPDCH (Dedicated 
Physical Data CHannel) or DPCCH (Dedicated Physical 
Control CHannel) of other stations and subtracts those 
replica signals from a total received signal and thereby 
cancels interference components from the received sig- 
nals through demodulation at the own station. This tech- 
nology is intended to mainly implement a reduction of 
required Eb/No (SIR) of DPDCH by applying an inter- 
ference canceller (MUD) to a base station. 
[0006] Even if replica signals are created using either 
DPDCHs or DPCCHs of other stations, this technology 
cancels interference among other stations from the re- 
ceived signal only through demodulation of DPDCHs. 
This is because delays involved in the processing by an 
interference canceller of creating replica signals and 



subtracting the replica signals from the received signal 
can be tolerated for DPDCHs more or less (about sev- 
eral frames). 

[0007] For an interference canceller technology such 

5 as MUD, reducing not only an amount of processing but 
also a processing delay is an important issue in imple- 
mentation. An actually reported demodulation delay of 
DPDCH (data section) by an interference canceller is 
on the order of several slots to several frames. 

w [0008] On the other hand, an allowable amount of de- 
lay of signals transmitted with DPCCH is restricted a 
great deal. For example, in the case where a slot con- 
figuration of an uplink signal is determined as shown in 
FIG.1 , that is, DPDCH is assigned to an in-phase com- 

15 ponent (Ich) and DPCCH is assigned to a quadrature 
component (Qch), it is stipulated for standardization as 
shown in FIG. 2 that the receiving side should change 
transmission power ( indicated by arrow X in FIG. 2) from 
the first pilot signal immediately after a TPC bit is re- 

20 ceived according to a TPC (Transmission Power Con- 
trol) bit for transmission power control. This allows a 
processing delay of only several tens of \is. Further- 
more, only a processing delay of not more than 1 slot is 
allowed for demodulation of FBI (FeedBack Information) 

25 which is a command for transmission diversity or SSDT 
(Site Selection Diversity Transmission) orTFCI (Trans- 
port-Format Combination Indicator) indicating the type 
of communication quality such as a transmission rate 
and service depending on the purpose of use. 

30 [0009] Therefore, demodulation of a DPCCH signal 
with such a small amount of allowable processing delay 
needs to be processed before canceling interference or 
in the middle of cancellation of interference. Thus, unlike 
DPDCH, it is difficult to implement an improvement of a 

35 DPCCH reception characteristic by an interference can- 
celler, that is, a reduction of a required SIR or Eb/No, etc. 
[0010] When such an interference canceller is intro- 
duced to a base station, interference with the DPDCH 
is reduced as shown in FIG. 3, and therefore it is possible 

40 to reduce transmission power of the DPDCH at the com- 
munication terminal and reduce interference with other 
stations. Thus, by reducing the transmission power of 
the DPDCH it is alsopossibleto reduce the transmission 
power of the DPCCH. 

45 [0011] However, utilizing the effect (area indicated by 
broken line in FIG.3) resulting from a reduction of the 
transmission power of the DPDCH at the communica- 
tion terminal for increasing the system capacity, that is, 
utilizing the effect for additions of new users will result 

so jn an increase of interference corresponding to the ad- 
ditional users, which requires relatively more transmis- 
sion power of the DPCCH, preventing transmission 
power required for DPCCHs with a restricted demodu- 
lation delay such as channel estimation and demodula- 

55 tion of a TPC command from reducing. 

[0012] Thus, as opposed to a gain factor (G) in trans- 
mitting DPDCH multiplexed with DPCCH when no inter- 
ference canceller is introduced, this gain factor changes 
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a great deal when an interference canceller is intro- 
duced to a base station. 

[0013] An optimal gain factor depends on the capabil- 
ity of an interference canceller, that is, interference can- 
cellation performance, applicable channels (e.g., only 5 
applicable to a communication channel (DPCH) at a 
specific transmission rate), applicable parts (e.g., ap- 
plied to only DPDCH). Therefore, the optimal gain factor 
differs a great deal between a base station to which no 
interference canceller is applied and a base station to 
which an interference canceller is applied. In addition, 
the optimal gain factor may also differ between base sta- 
tions using interference cancellers of different capabili- 
ties. 

[0014] By the way, it is stipulated by 3GPP (3rd Gen- 
eration Partnership Project) that the value of this gain 
factor should be determined on the network side (upper 
layer) and transmitted to the communication terminal 
side by a control signal. 

[0015] On the other hand, transmission power control 
(power control) is constructed of an inner loop which is 
controlled by a base station using a target SIR as a base 
and an outer loop in which an RNC (Radio Network Con- 
troller) controls a target SIR using channel quality (bit 
error rate (BER) or a block error rate (BLER) as a base. 
[0016] The value of the target SIR controlled by the 
RNC through the outer loop during diversity handover 
(Diversity Hand Over: DHO) is controlled as a value 
common to a plurality of base stations and as the only 
value. This is because there is a premise that the SIR 
value satisfying required quality (BLER, etc.) does not 
vary drastically among a plurality of base stations. 
[0017] During diversity handover, a communication 
terminal communicates with two base stations simulta- 
neously. As described above, an optimal gain factor dif- 
fers when the communication terminal is communicat- 
ing with a basestation with no interference cancellerand 
when communicating with a base station with an inter- 
ference canceller. Therefore, how to determine an opti- 
mal gain factor during diversity handover when there is 
a difference between base stations with and without an 
interference canceller or between base stations with in- 
terference cancellers of different capabilities is a ques- 
tion, but it is an actual situation that there is no technique 
to solve this problem. 

[0018] Furthermore, when an interference canceller is 
introduced to a base station, the reception capability 
with respect to a target SIR, that is, a relationship be- 
tween the SIR of DPCCH and the quality of DPDCH 
(BER, BLER) is changed. Therefore, even if the meas- 
ured value of the SIR of DPCCH is constant, the channel 
quality of DPDCH may vary depending on the demodu- 
lation capability (basic reception capability, presence/ 
absence of an interference canceller or its interference 
cancellation capability, etc.) of DPDCH of each base 
station. 

[0019] Therefore, keeping the same relationship be- 
tween the SIR of DPCCH and the quality of DPDCH 



(BER, BLER) for when an interference canceller is in- 
troduced to a base station and when no interference 
canceller is introduced to a base station requires the 
gain factor to be adjusted according to whether or not 
to use an interference canceller orthe capability of each 
interference canceller. 

[0020] However, during diversity handover, a commu- 
nication terminal sends a signal with DPDCH and 
DPCCH multiplexed made up of a common gain factor. 
Thus, it is unavoidable that the relationship between the 
SIR of DPCCH and the quality of DPDCH (BER, BLER) 
will vary from one base station to another that receives 
the signal. 



[0021] It is an object of the present invention to pro- 
vide a radio infrastructure apparatus capable of carrying 
out communications with an optimal gain factor during 
diversity handover between base stations with and with- 
out an interference canceller or between base stations 
with different reception capabilities with respect to a tar- 
get SIR such as the capabilities of interference cancel- 
lers and performing outer loop control in such a way that 
there is no significant difference in the communication 
quality of DPDCH between base stations. 
[0022] This object can be attained by correcting a tar- 
get SIR using an adaptively controlled optimal gain fac- 
tor, etc. and calculating an independent SIR value for 
each base station. 

Brief Description of Drawings 

[0023] 

FIG.1 illustrates a frame format of an uplink chan- 
nel; 

FIG.2 illustrates transmission power control timing; 
FIG.3 illustrates a reception characteristic gain; 
FIG.4 is a block diagram showing a configuration of 
a radio infrastructure apparatus according to Em- 
bodiment 1 of the present invention; 
FIG.5 is a block diagram showing a configuration of 
a demodulation section of the BTS of the radio in- 
frastructure apparatus shown in FIG.4; 
FIG.6 is a block diagram showing a configuration of 
a communication terminal that carries out a radio 
communication with the radio infrastructure appa- 
ratus shown in FIG.4; 

FIG. 7 illustrates a non-DHO state of the radio infra- 
structure apparatus according to Embodiment 1 ; 
FIG. 8 illustrates a DHO state of the radio infrastruc- 
ture apparatus according to Embodiment 1 ; 
FIG. 9 is a characteristic diagram showing a rela- 
tionship between an error rate and target SIR; 
FIG.1 0 is a block diagram showing a configuration 
of a radio infrastructure apparatus according to Em- 
bodiment 2 of the present invention; 
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FIG. 11 illustrates a DHO state of the radio Infra- 
structure apparatus according to Embodiment 2; 
FIG. 12 is a block diagram showing a configuration 
of a radio infrastructure apparatus according to Em- 
bodiment 3 of the present invention; and 
FIG. 13 is a block diagram showing another exam- 
ple of the HO control section of the radio infrastruc- 
ture apparatus shown in FIG. 12. 

Best Mode for Carrying out the Invention 

[0024] With reference now to the attached drawings, 
embodiments of the present invention will be explained 
in detail below. 

(Embodiment 1) 

[0025] FIG.4 is a block diagram showing a configura- 
tion of a radio infrastructure apparatus according to Em- 
bodiment 1 of the present invention. In FIG.4, "BTS" de- 
notes a base station and "RNC" denotes a control sta- 
tion. B lub" denotes an interface. The radio infrastructure 
apparatus according to this embodiment adopts a con- 
figuration whereby a target SIR is corrected inside the 
RNC. 

[0026] First, the base station side will be explained. 
An uplink signal sent from a communication terminal 
with which the base station is communicating is received 
by radio section 1 02 via antenna 101. Radio section 1 02 
performs predetermined radio reception processing 
(down-conversion and A/D conversion, etc.) on the up- 
link signal and outputs the signal after the radio recep- 
tion processing to demodulation section 103. Demodu- 
lation section 103 carries out processing such as de- 
spreading processing, coherent detection, RAKE com- 
bining, channel CODEC and separation and is provided 
with an interference canceller 

[0027] Demodulation section 1 03 has a configuration 
shown in FIG.5. Demodulation section 103 is a multi- 
stage type interference canceller and is constructed of 
serially connected stages each including delayers and 
interference canceller units. Delay section 201 is a 
memory to delay a received signal for interference can- 
cellers in each stage to carry out processing. Each stage 
creates a replica (S) for a signal, which becomes inter- 
ference and removes interference by subtracting this 
replica from the received signal. This allows demodulat- 
ed data to be obtained with an SIR (signal to interference 
ratio) improved. 

[0028] The interference cancellershown in FIG.5 con- 
nects 1st stage 202 and 2nd stage 203, but it is also 
possible to connect three or more stages to construct 
an interference canceller. 

[0029] Each interference canceller is provided with a 
plurality of processing lines and each processing line in- 
cludes delayers 2021 and 2031 , subtracters 2022 and 
2032, channel estimation and interference generation 
units (hereinafter abbreviated as "CEIGU") 2023 and 



2033. There is no signal to be subtracted in the first 
processing line of 1st stage interference canceller 202, 
and so subtractor 2022 is not provided. 
[0030] Referring back to FIG.4, the demodulated data 

5 obtained at demodulation section 1 03 of the BTS is out- 
put to SIR measuring section 104, where an SIR is 
measured using a known signal such as a pilot section 
(PL) of the data. Furthermore, the demodulated data is 
output to error detection section 1 09 and selection/com- 

io bination section 113 of the RNC. Furthermore, demod- 
ulation section 103 outputs base station information 
( information of demodulation capabilities) to G param- 
eter control section 112 and SIR versus error rate esti- 
mation section 110. 

is [0031] The SIR value measured by SIR measuring 
section 104 is output to addition section 105. A target 
SIR value for an inner loop is output from the RNC to 
addition section 1 05 and addition section 1 05 calculates 
whether the measured SIR value is higher or lower than 
20 the target SIR value. The difference information (wheth- 
er the measured SIR value is higher or lower than the 
target SIR value) is output to TPC command decision 
section 106. 

[0032] TPC command decision section 106 decides 

25 and generates a TPC command for instructing an in- 
crease or decrease of transmission power based on the 
difference information. TPC command decision section 
106 then outputs the generated TPC command to mul- 
tiplexing section 107. Multiplexing section 107 multi- 

30 plexes the transmission data sent from the RNC and the 
TPC command and outputs the multiplexed signal to 
modulation section 108. Modulation section 108 digital- 
modulates the multiplexed signal and outputs the mod- 
ulated signal to radio section 102. Modulation section 

35 108 carries out channel CODEC, digital modulation 
processing and spreading/modulation processing, etc. 
[0033] Radio section 102 carries out predetermined 
radio transmission processing (D/A conversion and up- 
conversion, etc.) on the modulated signal. This signal 

40 subjected to radio transmission processing is sent as a 
downlink signal through antenna 101 to a communica- 
tion terminal with which the base station is communicat- 
ing. 

[0034] Then, the control station side will be explained. 
45 Selection/combination section 1 1 3 that has received the 
demodulated data from the BTS also receives demod- 
ulated data from other BTSs and selects demodulated 
data with higher quality and outputs as received data. 
This received data is output to error detection section 

50 114. 

[0035] Furthermore, the received data is output to er- 
ror detection section 1 1 4 and error detection section 1 1 4 
calculates an error rate. The calculated error rate is out- 
put to addition section 115. A target error rate is output 
55 to addition section 115, where it is decided whether the 
calculated error rate is higher or lower than the target 
error rate. This decision result is output to target SIR 
control section 11 6. Target SIR control section 116con- 
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trols the target SIR based on the decision result. 
[0036] On the other hand, the demodulated data from 
the BTS is also output to error detection section 109. 
Error detection section 109 carries out error detection 
using the demodulated data and outputs an error rate 5 
such as BER and BLER to SIR versus error rate estima- 
tion section 110. SIR versus error rate estimation sec- 
tion 110 estimates an SIR versus error rate using the 
error rate, target SIR value and G parameter of the BTS, 
and demodulation capability of the BTS, etc. and de- 
cides whether a correction of the target SIR value is nec- 
essary or not. 

[0037] For example, SIR versus error rate estimation 
section 110 stores the characteristic of an SIR versus 
error rate to be a reference beforehand, detects a dif- 
ference between the SIR required to achieve a same 
error rate and the reference and decides, when the de- 
tected value is larger, to correct by that value. Then, SIR 
versus error rate estimation section 110 outputs the de- 
cision result as to whether the target SIR value should 
be corrected or not and the amount of correction to tar- 
get SIR correction section 111. 

[0038] More specifically, the amount of correction is 
determined using, for example, the characteristic dia- 
gram shown in FIG. 9. FIG. 9 shows the SIR versus data 
section error rate characteristics of a BTS with no inter- 
ference canceller (normal BTS), and BTS1 and BTS 2 
(with different interference cancellation performances) 
with an interference canceller. The reference SIR versus 
error rate characteristic, that is, a relationship between 
the target SIR of the DPCCH base and the error rate of 
the data section (DPDCH) varies depending on the gain 
factor. During a correction, the reference SIR versus er- 
ror rate characteristic (e.g., normal BTS) is selected. 
The characteristic of the normal BTS is stored before- 
hand for each optimal gain factor actually used or ac- 
quired as base station information. Or a characteristic 
of a reference BTS at a specific gain factor is stored or 
acquired beforehand, corrected according to the actual 
optimal gain factor and the corrected characteristic is 
stored or acquired as base station information. As the 
correction method, for example, a method of shifting the 
characteristic by y dB according to an amount of varia- 
tion x in the gain factor can be used. Then, an amount 
of correction of the target SIR at each BTS is determined 
by detecting a difference between the SIR required to 
achieve the same error rate as that of the reference BTS 
and the reference (equivalent to amount of correction 1 
or 2 in FIG. 9) using the demodulation capability and the 
results of actual error rate measurements obtained be- 
forehand as base station information and taking into ac- 
count the characteristics shown in IC-BTS1 and 
IC-BTS2 in FIG. 9. 

[0039] Target SIR correction section 1 1 1 corrects the 
target SIR value based on the decision result from SIR 
versus error rate estimation section 1 1 0 and the amount 
of correction thereof. The corrected target SIR value is 
output to addition section 105 of the BTS. The target 



SIR values may be either corrected for their respective 
BTSs separately and output (to the respective BTS) or 
corrected for the respective BTSs separately and then 
some of the target SIR values may be output to other 
BTSs as common target SIR values. 
[0040] Furthermore, the information on the demodu- 
lation capability of the BTS is outputto G parameter con- 
trol section 112 and G parameter control section 112 de- 
termines an optimal gain factor. The G parameter indi- 
cating the determined gain factor is output to multiplex- 
ing section 1 07 of the BTS and multiplexed with the 
transmission data at multiplexing section 107. Further- 
more, the G parameter is output to SIR versus error rate 
estimation section 110. 

[0041 ] FIG .6 is a block diagram showing a configura- 
tion of a communication terminal (MS) that carries out 
a radio communication with the BTS. A downlink signal 
sent from the BTS with which the communication termi- 
nal is communicating is received by radio section 302 
through antenna 301 . Radio section 302 carries out pre- 
determined radio reception processing (down-conver- 
sion and A/D conversion, etc.) on the downlink signal 
and outputs the signal after the radio reception process- 
ing to demodulation section 303. Demodulation section 
303 carries out processing such as despreading 
processing, coherent detection, RAKE combining, 
channel CODEC and separation. 

[0042] Data demodulated by demodulation section 
303 is obtained as received data and also output to TPC 
command extraction section 304. TPC command ex- 
traction section 304 extracts a TPC command and out- 
puts the instruction of the TPC command (for increasing 
or decreasing transmission power) to an amplifier (not 
shown) of radio section 302. 

[0043] Moreover, the demodulated data is outputto G 
parameter recognition section 305. G parameter recog- 
nition section 305 calculates gain factors (3d, (3 c corre- 
sponding to the G parameter from the BTS and multi- 
plies the transmission data by gain factors 3d. p c. That 
is, the transmission data of DPDCH (Ich) is output to 
multiplication section 306, where the transmission data 
is multiplied by gain factor pd for DPDCH . The transmis- 
sion data of DPCCH (Qch) is output to multiplication 
section 307, where the transmission data is multiplied 
by gain factor pc for DPCCH. The gains of DPDCH (Ich) 
and DPCCH (Qch) are adjusted in this way. 
[0044] The transmission data of DPDCH and DPCCH 
multiplied by gain factors pd and pc are multiplexed by 
multiplexing section 308 and then output to modulation 
section 309. Modulation section 309 digital-modulates 
the multiplexed signal and outputs the modulated signal 
to radio section 302. 

[0045] Radio section 302 carries out predetermined 
radio transmission processing (D/A conversion and up- 
conversion, etc.) on the demodulated signal. This signal 
subjected to radio transmission processing is sent to the 
BTS with which the communication terminal is commu- 
nicating as an uplink signal through antenna 301 . 
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[0046] Then, an operation of the radio infrastructure 
apparatus in the above-described configuration will be 
explained. 

[0047] The infrastructure apparatus of the present in- 
vention sends information such as the presence/ab- 
sence of an interference canceller or reception capabil- 
ity from the BTS to the RNC, controls a G parameter 
indicating a gain factor and thereby determines an op- 
timal gain factor during diversity handover between 
base stations with and without an interference canceller 
or between base stations with different reception capa- 
bilities with respect to target SIR value such as the ca- 
pabilities of interference cancellers. Then, the infra- 
structure apparatus corrects the target SIR ( executes 
an outer loop) using the optimally adjusted gain factor, 
error rate, target error rate, etc. 

[0048] Here : the gain factor (G) is intended to control 
the gain ratio (G parameter) of DPDCH to DPCCH of 
the uplink and varies from one TFC (Transport- Format 
Combination) to another. For example, at the highest 
rate, the gain factor may change from one radio frame 
to another. This gain factor may be signaled directly from 
the upper layer (network side) to an MS through a BTS 
or a reference value about reference TFC may be sig- 
naled to a BS through a BTS and the MS side may cal- 
culate the gain factor based on the reference value as 
appropriate. The present invention is applicable to both 
cases likewise. 

[0049] First, when diversity handover is not in 
progress (non-DHO state), optimal gain factors are de- 
termined based on the reception capabilities of BTS1 
and BTS2 as shown in FIG.7 and sent to the MS through 
the respective BTSs as G parameters (G1 , G2). The MS 
sends the transmission data of DPDCH and DPCCH as 
an uplink signal to BTS1 or BTS2 with which the MS is 
communicating using gain factors pd, pc corresponding 
to the G parameters (G1 , G2) received. 
[0050] Furthermore, the target SIR value is corrected 
by the RNC based on the gain factor, reception capabil- 
ities of the respective 3TSs, error rate measurement re- 
sults of the respective BTSs and the corrected target 
SIR values are sent to BTS1 and BTS2. BTS1 and BTS 2 
perform transmission power control of the inner loop us- 
ing the corrected target SIR values. 
[0051] Then, when diversity handover is in progress 
(DHO state), a common optimal gain factor is deter- 
mined based on the reception capabilities of BTS1 and 
BTS2 (DHO target BTSs) in the same way as the 
non-DHO state as shown in FIG.8 and sent as the G 
parameters to the MS through the respective BTSs. The 
MS sends the transmission data of DPDCH and DPCCH 
as an uplink signal to BTS1 and BTS2 with which the 
MS is communicating using gain factors 0d, p c corre- 
sponding to the G parameters received. 
[0052] Furthermore, diversity handover takes place- 
between BTSs with and without an interference cancel- 
ler or between BTSs with different reception capabilities, 
the relationship between the SIR of DPCCH and quality 



of DPDCH (BER, BLER) varies from one BTS to anoth- 
er, and therefore the target SIR values are controlled for 
the respective BTSs separately. 
[0053] The target SIR value is corrected by the RNC 
based on the gain factor, reception capabilities of the 
respective BTSs, error rate measurement results of the 
respective BTSs and the corrected target SIR values 
(target SIR1 , target SIR2) are sent to BTS1 and BTS2. 
BTS1 and BTS2 perform transmission power control of 
the inner loop using the corrected target SIR values (tar- 
get SIR1, target SIR2). 

[0054] In this way, when diversity handover takes 
place between BTSs with and without an interference 
canceller or between BTSs with different reception ca- 
pabilities, it is possible to decide a TPC command in 
such a way that the BTSs have the same DPDCH re- 
ception quality. 

[0055] Here, determination of a gain factor will be ex- 
plained. Information on the demodulation capability of 
the BTS is output to G parameter control section 1 12 in 
response to the uplink signal. G parameter control sec- 
tion 1 1 2 determines an optimal gain factor based on the 
number of BTSs connected, reception capability of each 
BTS, for example, whether an interference canceller is 
incorporated or not interference cancellation perform- 
ance of the interference canceller, reception character- 
istic gain by the interference canceller (gain in the sys- 
tem capacity) or the error rate measurement result for 
each BTS, etc. 

[0056] There is no problem with an optimal gain factor 
during diversity handover between normal BTSs with no 
interference canceller, but how to determine an optimal 
gain factor is a problem between one BTS with an inter- 
ference canceller and the other without an interference 
canceller or between BTSs with interference cancellers 
of different interference cancellation performances. 
That is, since the communication terminal needs to per- 
form transmission to both BTSs in the process of diver- 
sity handover using one gain factor, the question is 
which BTS should be used as a reference to determine 
the gain factor. 

[0057] Thus, as described above, the gain factor is 
determined taking into consideration the number of 
BTSs connected, reception capability of each BTS, for 
example, whether an interference canceller is incorpo- 
rated or not, interference cancellation performance of 
the interference canceller, reception characteristic gain 
of the interference canceller (gain in the system capac- 
ity) or the error rate measurement result for each BTS, 
etc. In this case, the gain factor can be determined using 
any BTS as a reference or a new optimal gain factor can 
be determined taking into consideration the situation of 
any BTS. 

[0058] There is no particular restriction on determina- 
tion of an optimal gain factor as it is performed according 
to each of or a combination of factors like the number of 
BTSs connected, reception capability of each BTS, for 
example, whether an interference canceller is incorpo- 
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rated or not, interference cancellation performance of 
the interference canceller, reception characteristic gain 
of the interference canceller (gain in the system capac- 
ity) or the error rate measurement result for each BTS, 

etc. 

[0059] Then, correction of a target SIR value will be 
explained. The error rate measurement result of each 
BTS obtained from the demodulated data is output to 
SIR versus error rate estimation section 110. SIR versus 
error rate estimation section 110 calculates an amount 
of correction of the target SIR taking into consideration 
the number of BTSs connected, reception capability of 
each BTS, for example, whether an interference cancel- 
ler is incorporated or not, interference cancellation per- 
formance of the interference canceller, reception char- 
acteristic gain of the interference canceller (gain in the 
system capacity), etc. 

[0060] More specifically, when an amount of correc- 
tion of the target SIR is calculated based on the error 
rate measurement result, for example, the characteristic 
diagram shown in FIG. 9 is used. In FIG. 9, an amount of 
correction is calculated from the value of an error rate 
of DPDCH of each BTS with reference to the character- 
istic line. For example, when diversity handover takes 
place between a normal BTS and BTS1 , the amount of 
correction of the target SIR (DPCCH base) is assumed 
to be amount of correction 1 to achieve a required error 
rate 10' 2 . On the other hand, when diversity handover 
takes place between a normal BTS and BTS2, the 
amount of correction of the target SIR is assumed to be 
amount of correction 2 to achieve a required error rate 
10-2. 

[0061 ] Thus, unlike the gain factor, the amount of cor- 
rection of a target SIR can be determined individually 
according to the actual situation of the BTS. Even when 
diversity handover takes place between BTSs with dif- 
ferent capabilities, this makes it possible to perform ap- 
propriate transmission power control over the inner loop 
according to the actual situation. 
[0062] There is no particular restriction on determina- 
tion of an amount of correction of a target SIR as it is 
carried out according to each of or a combination of fac- 
tors like reception capability of each BTS, for example, 
whether an interference canceller is incorporated or not, 
interference cancellation performance of the interfer- 
ence canceller, reception characteristic gain of the in- 
terference canceller (gain in the system capacity), target 
SIR value, gain factor or the error rate measurement re- 
sult for each BTS, etc. 

[0063] Thus, the radio infrastructure apparatus ac- 
cording to this embodiment controls a gain factor and 
target SIR value taking into consideration the reception 
capabilities of base stations, etc. and can thereby per- 
form communications with an optimal gain factor taking 
advantage of effects of interfere nee cancellers and with- 
out deteriorating the reception capabilities of base sta- 
tions when diversity handover takes place between 
base stations with and without an interference canceller 



or between base stations with different reception capa- 
bilities. 

[0064] When the RNC corrects a target SIR, the base 
station can control with the target SIR specified by the 
5 RNC, and thereby reduce the burden on the base station 
apparatus . When many base stations are installed, it is 
necessary to reduce the cost and size of each base sta- 
tion, and therefore such a configuration is preferred. 

10 (Embodiment 2) 

[0065] FIG. 10 is a block diagram showing a configu- 
ration of a radio infrastructure apparatus according to 
Embodiment 2 of the present invention. In FIG. 10, 

15 "BTS" denotes a base station and "RNC" denotes a con- 
trol station. "Iub u denotes an interface. In FIG. 10, the 
same components as those in FIG.4 are assigned the 
same reference numerals as those in FIG. 4 and detailed 
explanations thereof will be omitted. The radio infra- 

20 structure apparatus according to this embodiment 
adopts a configuration whereby a target SIR is corrected 
inside the BTS. 

[0066] In the radio infrastructure apparatus shown in 
FIG. 10, the BTS outputs demodulated data to error de- 

25 tection section 1 09. Error detection section 1 09 carries 
out error detection using the demodulated data and out- 
puts error rates such as BER and BLER to SIR versus 
error rate estimation section 110. SIR versus error rate 
estimation section 110 estimates an SIR versus error 

30 rate using the error rate, target SIR value, G parameter 
of each BTS, and demodulation capability of each BTS, 
etc. and decides whether a correction of the target SIR 
value is necessary or not. Then, SIR versus error rate 
estimation section 110 outputs the decision result as to 

35 whether the target SIR value should be corrected or not 
to target SIR correction section 111 . 
[0067] Target SIR correction section 111 corrects the 
target SIR value based on the decision result from SIR 
versus error rate estimation section 110. The corrected 

40 target SIR value is output to addition section 105 of the 
BTS. 

[0068] Then, an operation of the radio infrastructure 
apparatus in the above-described configuration will be 
explained. 

45 [0069] In the case of a non-DHO state, a common 
gainfactorspecifiedbythe RNC is sent to BTS1 orBTS2 
and BTS1 or BTS2 determines an optimal gain factor 
based on reception capabilities, etc. and sends the op- 
timal gain factor as G parameters (G1 , G2) to an MS 

50 through each BTS. The MS sends the transmission data 
of DPDCH and DPCCH as an uplink signal to BTS1 or 
BTS2 with which the MS is communicating using gain 
factors (3d, pc corresponding to the G parameters (G1 , 
G2) received. 

55 [0070] With regard to the target SIR value, the target 
SIR value commonly controlled by the RNC is sent to 
BTS1 or BTS2 and corrected by BTS1 or BTS2 based 
on the gain factor, reception capabilities of the respec- 
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tive BTSs, error rate measurement results of therespec- 
tive BTSs . BTS1 and BTS2 perform transmission power 
control over the inner loop using the corrected target SIR 
values (target SIR1 , target SIR2). 

[0071] Then, in a DHO state, the common gain factor s 
specified by the RNC is sent to BTS1 and BTS2 as 
shown inFIG. 11 and sent to the MS through the respec- 
tive BTSs. The MS sends the transmission data of DP- 
DCH and DPCCH as uplink signals to BTS1 and BTS2 
with which the MS is communicating using gain factors 10 
Pd, pc corresponding to the G parameters received. 
[0072] With regard to the target SIR value, the target 
SIR value commonly controlled by the RNC is sent to 
BTS1 , and BTS2 and BTS1 and BTS2 correct the target 
SIR value based on the gain factor, reception capabili- is 
ties of the respective BTSs, error rate measurement re- 
sults of the respective BTSs and perform transmission 
power control over the inner loop using the corrected 
target SIR values (target SIR1 , target SIR2). 
[0073] In this way, when diversity handover takes 20 
place between BTSs with or without an interference can- 
celler or between BTSs with different capabilities, it is 
possible to decide a TPC command in such a way that 
the BTSs have the same DPDCH reception quality. 
[0074] Thus, since the radio infrastructure apparatus 25 
according to this embodiment also controls a gain factor 
and target SIR value taking into consideration the re- 
ception capabilities of base stations, etc. and therefore 
it is possible to perform communications with an optimal 
gain factor taking advantage of the effects of the inter- 30 
ference cancellers without deteriorating the reception 
capabilities of the base stations during diversity hando- 
ver between base stations with and without an interfer- 
ence canceller or between base stations with interfer- 
ence cancellers of different capabilities. 35 
[0075] When the base station corrects a target SIR, 
the RNC only needs to transmit a conventional common 
target SIR to a plurality of base stations during DHO in 
the same way as the conventional art, and even when 
an interference canceller is introduced to a specific base 40 
station later, there is no need to change the configura- 
tion of the RNC a great deal. Since the base station can 
perform control with the target SIR individually accord- 
ing to the own reception capability or the amount of 
change of reception capability by introduction of an in- 45 
terference canceller, it is possible to reduce the burden 
on the RNC such as additions of functions. This config- 
uration is preferred when an apparatus is added for 
drastically improving the reception capability for the tar- 
get SIR value, for example, by only introducing an inter- so 
ference canceller to a base station of some specific ar- 
ea, not all areas under the control of one RNC. 



(Embodiment 3) 

[0076] This embodiment will describe a case where a 
handover (HO) algorithm and its decision parameter, 
etc. are adaptively controlled according to a selection 



55 



situation of an optimal gain factor and a difference in 
reception capability between BTSs. 
[0077] FIG. 12 is a block diagram showing a configu- 
ration of a radio infrastructure apparatus according to 
Embodiment 3 of the present invention. In FIG. 12, the 
same components as those in FIG.4 are assigned the 
same reference numerals as those in FIG.4 and detailed 
explanations thereof will be omitted. 
[0078] The radio infrastructure apparatus shown in 
FIG. 12 is provided with HO control section 117 that con- 
trols a handover algorithm and decision parameter 
thereof etc. based on the G parameter determined by 
the G parameter control section. This HO control section 
117 includes selection situation confirmation section 
1171 that confirms the gain factor selection situation 
based on a G parameter entered and HO algorithm 
change section 1172 that changes the HO algorithm 
based on the confirmation result of the selection situa- 
tion. 

[0079] The operation of the radio infrastructure appa- 
ratus in the above-described configuration is the same 
as that of Embodiment 1 except the control for changing 
the HO algorithm using the G parameter. Selection sit- 
uation confirmation section 1171 confirms whether the 
G parameter selected by G parameter control section 
112 is significantly different from the optimal gain factor 
at each BTS or not. The specific method for confirmation 
can be performed through threshold decision for an op- 
timal gain factor, etc. 

[0080] When the G parameter selected at a BTS is 
significantly different from the optimal gain factor, a con- 
trol signal indicating that difference is transmitted to HO 
algorithm change section 1 1 72 and the HO algorithm is 
changed. By the way, there is no particular restriction 
on the HO algorithm to be changed. 
[0081] For example, for diversity handover between 
a BTS with an interference canceller and another BTS 
with no interference canceller, it is basically desirable to 
determine a gain factor according to the BTS with no 
interference canceller (normal BTS) in order to perform 
favorable demodulation of DPDCH. 
[0082] This is because, when a communication is per- 
formed with a gain factor according to the BTS with a 
canceller, the reception power of the data section of nor- 
mal BTS is too small to perform correct demodulation 
for the SIR suitable for reception of DPCCH. Further- 
more, when an attempt is made to correct the target SIR 
according to the error rate of the data section and in- 
crease the reception power not only communication 
quality of DPCCH becomes excessive, but also the 
communication terminal performs transmission exces- 
sively, which causes great interference with the system 
and causes large power consumption of the battery. 
[0083] However, with the gain factor adapted to such 
a normal BTS, it is not possible to take advantage of the 
effects of extension of service life of the terminal due to 
a reduction of DPDCH transmission power obtained by 
the introduction of the interference canceller or increase 
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of the system capacity by the reduction of the amount 
of interference by a reduction of transmission power. 
[0084] Thus, when diversity handover takes place be- 
tween a normal BTS and a BTS with an interference 
canceller, the algorithm is changed to an HO algorithm 
that will cut the channel for the normal BTS ahead of 
time. Based on the changed HO algorithm, the RNC car- 
ries out HO control over the communication terminal. 
[0085] Thus, the radio infrastructure apparatus ac- 
cording to this embodiment controls a gain factor and 
target SIR value taking into consideration the reception 
capabilities of base stations, and therefore during diver- 
sity handover between base stations with and without 
an interference canceller or between base stations with 
interference cancellers of different reception capabili- 
ties, the radio infrastructure apparatus can not only per- 
form communications taking advantage of the effects of 
the interference canceller without deteriorating the re- 
ception capabilities of base stations and with an optimal 
gain factor but also adaptively control the HO algorithm 
and its decision parameter, etc. according to the optimal 
gain factor selection situation and difference in recep- 
tion capability between BTSs and make full use of the 
effects of introducing the interference canceller. 
[0086] In this embodiment, HO control section 117 
can also be constructed of reception capability differ- 
ence decision section 1173 that decides a difference in 
reception capability between BTSs and HO algorithm 
change section 1172 as shown in FIG. 13 and the HO 
algorithm can be changed when there are great differ- 
ences in reception capability between BTSs notified 
from the higher layer. The effects of this embodiment 
can be fully exploited in this case, too. 
[0087] The present invention is not limited to forego- 
ing Embodiments 1 to 3, but can be implemented with 
various modifications. For example, foregoing Embodi- 
ments 1 to 3 describe the case where an MUD is used 
as the interference canceller, but the present invention 
is also applicable to cases where an SUD or symbol 
ranking type interference canceller is used as the inter- 
ference canceller. 

[0088] Furthermore, foregoing Embodiments 1 to 3 
have described the case where modulation processing 
is carried out after data is multiplexed, but the present 
invention has no particular restrictions on the sequence 
of data multiplexing (frame assembly) and channel CO- 
DEC and data can also be multiplexed after modulation 
processing is carried out. 

[0089] As described above, the radio infrastructure 
apparatus of the present invention controls a gain factor 
and target SIR value taking into consideration reception 
capabilities of base stations, etc. and therefore during 
diversity handover between base stations with and with- 
out an interference canceller or between base stations 
with different reception capabilities with respect to target 
SIR values such as capabilities of interference cancel- 
lers, the radio infrastructure apparatus can not only per- 
form communications taking advantage of the effects of 



the interference canceller without deteriorating the re- 
ception capabilities of base stations and with an optimal 
gain factor. 

[0090] This application is based on the Japanese Pat- 
5 ent Application No. 2000-363621 filed on November 29, 
2000, entire content of which is expressly incorporated 
by reference herein. 

Industrial Applicability 

10 

[0091] The present invention is ideally applicable to a 
digital radio communication system and a radio infra- 
structure apparatus in a CDMA (Code Division Multiple 
Access) system in particular. 



Claims 

1. A radio infrastructure apparatus comprising: 

20 

a base station apparatus provided with a meas- 
uring section that measures a signal to interfer- 
ence ratio using an uplink signal made up of a 
data channel code-multiplexed with a control 

25 channel and a transmission power control sec- 

tion that generates a transmission power con- 
trol signal from said signal to interference ratio 
and a target signal to interference ratio; and 
a control station provided with a control section 

30 that controls gain factors corresponding to said 

data channel and said control channel based 
on base station information from each base sta- 
tion, a control section that controls said target 
signal to interfere nceYatio and a correction sec- 

35 tion that corrects said target signal to interfer- 

ence ratio using said base station information 
and said gain factors. 

2. The radio infrastructure apparatus according to 
40 claim 1 , wherein when no diversity handover is in 

progress, the control section controls the gain fac- 
tors based on the base station information and the 
correction section corrects the target signal to inter- 
ference ratio based on said base station informa- 
45 tion. 

3. The radio infrastructure apparatus according to 
claim 1, wherein when diversity handover is in 
progress, the control section determines a common 

50 gain factor based on the base station information 
and the correction section corrects the target signal 
to interference ratio for each handover target base 
station individually based on said base station in- 
formation. 

55 

4. A radio infrastructure apparatus comprising: 

a base station apparatus provided with a meas- 
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6. 



7. 



uring section that measures a signal to interfer- 
ence ratio using an uplink signal made up of a 
data channel code-multiplexed with a control 
channel, a transmission power control section 
that generates a transmission power control 5 
signal from said signal to interference ratio and 
a target signal to interference ratio and a cor- 
rection section that corrects said target signal 
to interference ratio using said base station in- 
formation and said gain factors corresponding io 
to said data channel and said control channel; 
and 

a control station provided with a control section 
that controls said target signal to interference 
ratio and a control section that controls the gain is 
factors based on the base station information 
from each base station. 

The radio infrastructure apparatus according to 
claim 1 , wherein the gain factors are controlled us- 20 
ing at least one parameter selected from a group of 
parameters that are parameters, namely the 
number of base stations connected, reception ca- 
pability of each base station or the error rate meas- 
urement result for each base station. 25 

The radio infrastructure apparatus according to 
claim 1, wherein the base station information is at 
least one selected from a group of reception capa- 
bilities and error rate measurement results of the 30 
base station apparatuses . 



The radio infrastructure apparatus according to 
claim 1 , wherein the reception capability consists of 
the presence/absence of an interference canceller, 35 
reception characteristic gain, difference in the de- 
gree of improvement of reception characteristics of 1 3, 
the data channel and control channel or the range 
of a channel to which the interference canceller is 
applied and the number of channels. 40 



The radio infrastructure apparatus according to 
claim 1 , wherein the target signal to interference-ra- 
tio is corrected using at least one parameter select- 
ed from a group of parameters of base station infor- 
mation, gain factors corresponding to the data 
channel and control channel, common target signal 
to interference ratio and error rate measurement re- 
sult of each base station. 

The radio infrastructure apparatus according to 
claim 1 , further comprising a handover control sec- 
tion that changes a handover algorithm or the deci- 
sion parameter, according to a gain factor selection 
situation and differences in base station information 
between the target base stations. 

0. A radio base station apparatus comprising a trans- 



mission section for transmitting gain factors deter- 
mined by the radio infrastructure apparatus accord- 
ing to claim 1 to a communication terminal appara- 
tus. 

11. A communication terminal apparatus comprising: 

a gain adjustment section that adjusts the gains 
of a data channel and control channel using the 
gain factors determined by the radio infrastruc- 
ture apparatus according to claim 1; and 
a multiplexing section that code-multiplexes 
the data channel and control channel whose 
gains have been adjusted. 

12. A gain factor control method comprising the steps 
at a base station apparatus of: 

measuring a signal to interference ratio using 
an uplink signal made up of a data channel 
code-multiplexed with a control channel; and 
generating a transmission power control signal 
from said signal to interference ratio and a tar- 
get signal to interference ratio, and 
the steps at a control station of: 

controlling gain factors corresponding to 
said data channel and said control channel 
based on base station information from 
each base station; 

controlling said signal to interference ratio; 
and 

correcting said target signal to interference 
ratio using said base station information 
and said gain factors. 



45 



50 



55 



A gain factor control method comprising the steps 
at a base station apparatus of: 

measuring a signal to interference ratio using 
an uplink signal made up of a data channel 
code-multiplexed with a control channel; 
generating a transmission power control signal 
from said signal to interference ratio and a tar- 
get signal to interference ratio; and 
correcting said target signal to interference ra- 
tio using the base station information and said 
gain factors corresponding to said data channel 
and said control channel, and 
the steps at a control station of: 

controlling said target signal to interference 
ratio; and 

controlling the gain factors based on base 
station information from each base station. 
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